There has been many investigations of risk factors associated with COVID-19 clinical severity and outcome. Age, sex and various comorbidities have been identified as factors worsening the prognosis of the disease. However, little is known about possible determinants of susceptibility to infection. We wondered whether the distribution of antibodies neutralizing SARS-CoV-2 in the population may be influenced by demographic or biological parameters such as age, sex or blood group, and whether this would reflect a role on infection rather than on the clinical expression of infection. To test this hypothesis, we studied SARS-CoV-2 neutralizing antibodies in asymptomatic volunteer blood donors from different French regions in the early phase of the outbreak. The COVID-19 outbreak has spread through Metropolitan France from late February 2020, hitting in particular the Paris region and the Northeastern part of the country. As this article is being written, French authorities estimated that 140,000 people have been infected and 27,000 died. All donors tested in the current study provided informed consent for a non-therapeutic use of their blood samples. Data were analyzed according to sex, age and blood types.

Neutralizing antibodies were detected using a virus neutralization test (VNT) as previously described for Zika virus ([@bib9]) and adapted to SARS-CoV-2. We used VeroE6 cells cultured in 96-well microplates, 100 TCID50 of the SARS-CoV-2 strain BavPat1 (courtesy of Pr. Drosten, Berlin) and serial dilutions of serum (1/20--1/160). Dilutions associated with CPE (cytopathic effect) were considered as negative (no neutralization) and those with no CPE at day 4 post-infection were considered positive (complete neutralization), respectively. The neutralization titer referred to the highest dilution of serum with a positive result. Specimens with a VNT titer ≥40 were considered positive.

We first tested 464 samples from French blood donors (M/F = 1.45; median age = 42.0) collected before the emergence of SARS-CoV-2, in 2017 (East of France, n = 287) and 2018 (South East and South West of France, n = 177), to establish the specificity of the method. No sample tested positive with a titer ≥40 (specificity = 100%), indicating that a noteworthy specificity can be obtained without using additional VNTs for other respiratory coronaviruses.

We then tested 998 samples collected from blood donors during the last week of March or the first week of April 2020 (Haut-Rhin departmental area \[DA\]; Seine-Saint-Denis DA; Bouches-du-Rhône DA; Oise DA; see [Table 1](#tbl1){ref-type="table"} ). As a rule that preexisted the COVID-19 outbreak, French volunteers can give blood only if they have no history of fever or symptom of respiratory infection in the previous 2 weeks. In addition, those with confirmed or suspected COVID-19 were deferred 28 days after the end of symptoms. Accordingly, if it remains possible that some of the seropositive donors identified had been infected at the very beginning of virus spread in France, it is likely that a majority had undergone asymptomatic or pauci-symptomatic infection in March 2020. As expected at this stage of the outbreak, the prevalence values were low ([Table 1](#tbl1){ref-type="table"}) but the Haut-Rhin, Oise and Seine-Saint-Denis DAs had higher prevalence than the Bouches-du-Rhône DA, which reflects the actual epidemiological situation based on hospitalization numbers (hospitalizations per 1000 inhabitants at the end of March 2020: 5.4 in the Bouches-du-Rho\^ne DA; 27.1 in the Haut-Rhin DA; 6.6 in the Oise DA; 7.9 in the Seine-Saint-Denis DA; of note, the Oise DA was the first epidemiological foci in metropolitan France and case counting was probably underestimated).Table 1Prevalence of neutralizing antibodies in French blood donors (weeks 14--15 2020) according to blood types.Table 1[^2][^3]

Importantly, while it has been abundantly documented that severe forms of COVID and fatal outcome were more frequent in men than in women ([@bib1]; [@bib5]; [@bib8]; [@bib11]), independently of age and susceptibility ([@bib7]), we observed in the complete population tested similar seroprevalence values in males and females (2.82% *vs* 2.69%, no significant difference, M/F = 1.04). This is in agreement with the findings of [@bib10] in Dutch blood donors (non-peer-reviewed report). Accordingly, our results suggest that SARS-CoV-2 infection occurs equally among men and women, but has a different phenotypic expression according to sex, with hospital data from the French national institute of statistics (INSEE, <https://www.data.gouv.fr/fr/datasets/donnees-hospitalieres-relatives-a-lepidemie-de-covid-19/>, downloaded on May 8th^,^ 2020) indicating that COVID-related deaths (M/F = 1.50), admissions to intensive care unit (ICU, M/F = 2.82), and to a lesser extent hospitalizations (M/F = 1.22) are significantly more frequent in men than in women (p \< 0.001).

Seroprevalence values did not differ significantly among age groups, but it was noted that they were slightly higher (over 3%) in donors \<30yo and ≥60yo, which deserves attention for future studies with larger numbers. The median age of seropositives was 36yo (range 19--64) and not different between men and women.

Finally, we analyzed the relation between sero-status and blood type. In a recent non-peer-reviewed report, [@bib12] observed that among Chinese in-patients there was an over- and under-representation of groups A and O, respectively. Since only hospitalized patients were studied, this does not formally establish whether infection or the phenotype of infection was associated with blood type. However, it has been argued in another recent article ([@bib3]) that ABO blood group does not represent a risk factor predisposing to the risk of getting SARS-CoV-2 infection, but rather predisposes to COVID-19 severity. Here, we observed that the proportion of seropositives was significantly lower in group O donors (1.32% vs 3.86% in other donors, p = 0.014). The M/F sex ratio was slightly lower in O group individuals, but the low seroprevalence was not driven by the higher proportion of women since seropositivity in women was higher than in men in this group (1.6% vs 1.03%). There was a trend associating group A with a higher seroprevalence (3.80% in A and AB groups *vs* 1.81% in other donors, p = 0.054), and a higher prevalence in group B donors (p \> 0,05, no significant difference) but studying larger numbers may be required to obtain the adequate statistical power. Since it is unlikely that seropositivity in the current study is associated with clinical disease drawing medical attention (see above), our results suggest a link between ABO type and susceptibility to infection, against [@bib3]. A similar observation was previously made for the SARS virus by using an immune-fluorescence assay, with low odds of infection in O blood group exposed health personal compared to non-O individuals in a hospital outbreak that occurred in March 2003 in Hong Kong ([@bib2]). SARS coronavirus and SARS-CoV-2, share the same obligate cellular receptor (ACE2) although other receptors may participate in the infection process. It has been suggested that the ABO polymorphism could contribute to substantially reduce the virus transmission, possibly due to natural anti-A antibodies that may block the interaction between the virus and its receptor ([@bib6]). An association between ABO type and the infection phenotype may also exist as suggested by [@bib3], but could not be studied here. Rhesus and Kell blood groups were not associated with seropositivity. In a paper that appeared following the submission of our manuscript, [@bib4] conducted a genomewide association study involving 1980 patients with Covid-19 and identified a 3p21.31 gene cluster as a genetic susceptibility locus in patients with severe clinical presentations. The association signal suggests a higher risk in blood group A and a protective effect in blood group O as compared with other blood groups.

In conclusion, our study of SARS-CoV-2 neutralizing antibodies in French blood donors suggests that virus infection occurs with a similar incidence in men and women within the French population, but with a higher frequency of hospitalizations, admissions to ICU and deaths in men. Blood group O persons are less at risk of being infected. An increased risk of infections associated with blood group A is likely but remains to be formally established in non-hospitalized persons.
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